and so on [1] . Therefore, a suitable antenna with high gain, operating frequency and bandwidth is required in order to provide these services.
An antenna is a metallic device which used for radiating and receiving radio waves. In other word, the antenna is the interface between free-space and a guiding device. There are two types of antenna, which are transmitting antenna and receiving antenna. A transmitting antenna converts electric current to electromagnetic wave (radio wave) and propagates the electromagnetic wave in free-space, while a receiving antenna performs the reverse processes of the transmitting antenna. Figure   1 .1 shows the antenna as a transition device [2] . There are various types of antenna, such as wire antennas, aperture antennas, microstrip antennas, array antennas, reflector antennas, lens antennas and so on.
These antennas are used in different applications according to their characteristics and properties [2] . A reflectarray antenna is a class of antennas that combines some of the advantages of reflector and of array antennas. The reflectarray antenna utilizes an array of radiating elements to provide a focused and shaped beam without using a complex corporate feed system. Therefore, the reflectarray antenna have higher gain, lower profile, lower mass and lower cost as compared to reflector and array antennas [3] [4] [5] .
In this project, a circular polarization folded reflectarray antenna with operating frequency of 28 GHz is studied and designed. 28 GHz is one of the frequencies announced by ITU for 5G wireless communication. The folded reflectarray antenna is a more compact antenna compared to the reflectarray antenna 3 due to its reduced height [6] . 
Problem Statement

5G wireless communication technology has operating frequency range of 20
GHz to 80 GHz [8] . A system working on 5G band can provide higher bandwidth and faster data rate as compared to fourth-generation (4G) band. Therefore, the antenna used in 5G applications should have high gain and low profile to guarantee the performance of the systems. In this case, a circular polarization folded reflectarray antenna that can offer bigger bandwidth and higher gain compared to reflector and array antennas is purposed. The proposed antenna has reduced block effect and lower profile compared to reflectarray antenna. On the other hand, circular polarization antenna has some advantages over linear polarization antenna. For instance, the circular polarization antenna is independent of the direction of wave and it has lower rain attenuation than linear polarization antenna.
Objectives
The objective of the project is as follow:
1. To design a linear polarization folded reflectarray antenna.
2. To convert a linear polarization folded reflectarray antenna to circular polarization using meander line polarizer.
Scope of Work
The scope of this project includes:
1. To simulate a waveguide with operating frequency of 28 GHz.
2. To design and simulate a linear polarizing grid.
3. To design and simulate unit cells with different reflected phase.
4. To combine all together into a linear polarization folded reflectarray antenna.
5. To design and simulate a meander lines polarizer.
6. To convert the folded reflectarray antenna from linear to circular polarization using meander lines polarizer.
7. To analyse the performances of the both antennas.
Organization of the Project
This project consists five chapters. In Chapter 1, an introduction to the work is presented and the project background is discussed. This is followed by the problem statement, objectives and the scope of work. In Chapter 2, a review on the recent works related to the wireless communication system and the folded reflectarray antenna are given so as to obtain a clear direction of the project. In Chapter 3, a methodology on how the project is carried out is presented, where all the design specifications are highlighted. In Chapter 4, all the simulation results of the folded reflectarray antenna by using CST software are analysed and discussed. In Chapter 5, 5 conclusions are drawn from the entire project and recommendations based on how the project can be improved are stated.
Summary
Overviews of 5G wireless communication system and folded reflectarray antenna were presented in this chapter. Besides, the problem statement, objectives and scope of works of this project were highlighted. The direction of the project was clearly stated in this chapter.
